OBJECTIVES: Accurate estimation of sodium intake by a precise and reproducible method is crucial in sodium intake reduction policy. This study tested the feasibility of 24-h urine (24HU) collection method and estimated sodium intake of a major city population from a representative adult sample. SUBJECTS/METHODS: A representative population (aged 20-65 years) was selected by list-assisted random-digit dialing method from a city with a population of one million. Sodium and potassium intakes (24HUNa and 24HUK, respectively) were measured with 24HU collection. RESULTS: Of those 496 individuals recruited, 24HU samples from 368 participants were determined to be properly collected and analyzed. The weighted mean of 24HUNa was 166.4 ± 68.1 mmol per day, much lower than 208.2 mmol of 24HUNa measured in Pusan (Korea; 1988 INTERSALT). The 24HUNa was highest in population aged 40-49 years, with a decrease after 50 years. Men had higher 24HUNa than women (182.0±77.6 vs 151.4±55.0 mmol per day). The sodium intake is higher than that found in survey conducted in the United Kingdom/Scotland and Finland, similar to that of Spain and lower than that of Portugal, Slovenia and Turkey. In contrast to 24HUNa, 24HUK increased continuously as age increased. CONCLUSIONS: This study enables us to compare sodium intake with the results of other surveys even from other countries, and reinforce the recommended introduction of the 24HU collection method in Korea. Sodium intake of the studied population was higher than the World Health Organization recommendation, suggesting the needs for further efforts to reduce sodium intake.
INTRODUCTION
Sodium is an essential nutrient to maintain our body homeostasis. However, too much sodium intake is associated with high blood pressure and a greater risk of cardiovascular disease and stroke. 1, 2 The benefit of sodium intake reduction for blood pressure is well established. 3, 4 Furthermore, high sodium intake is also related to stomach cancer, osteoporosis and kidney disease. 5 Thus, reduction of sodium intake is an important and essential approach in public health care. 6, 7 Reduction of sodium intake can be reached by the coordinated approach of individuals, healthcare professionals, voluntary organization, community and government. To establish strategies and policy of sodium intake reduction, knowledge of the status of sodium intake in the population is crucial. Sodium intake is still measured by dietary survey method in many countries. Since 1998, Korean government has measured sodium intake by dietary survey method as part of the Korea National Health and Nutrition Examination Survey (KNHANES). However, the measurement of 24-h urine sodium excretion (24HUNa) is considered to be the most reliable method in population surveys because of the under-or overestimation of sodium intake by dietary survey methods. 1, 8 The aim of this study was to test the feasibility and usefulness of 24HU collection method in population surveys of Korea and to estimate sodium intake of a major city population from a representative adult sample.
SUBJECTS AND METHODS

Study subjects
The study was planned to collect 24HU samples from 500 respondents, the representatives of the adult population of about 600 000 in Goyang, a semiurban city and one of the largest cities in Korea. The respondents were selected by a two-step sampling. The first step used the list-assisted random-digit dialing (LARDD), 9 which is one of the most efficient telephone sampling methods for selecting a random sample of both listed and unlisted telephone households. In the second step, a random selection was used to choose adults aged between 20 and 65 years within the selected households. The actual LARDD sample telephone numbers of 20 000 (100%) were selected, and 10 576 (52.9%) were working numbers. The interviewers in the Survey Research Center in Dongguk University dialed those numbers. Of the 10 576 telephone numbers, 1623 (8.1%) were contacted and determined to be adult households. A short telephone interview for the respondents randomly selected within those households was conducted to identify the eligibility for the study and the respondents were asked to take part in the study. For the 875 (4.4%) who agreed, their contact phone numbers were transmitted to the clinical trial center (CTC) of Dongguk University Ilsan Hospital located in Goyang. They were recontacted and invited to the CTC by study nurses with explanation of the procedure of the study in detail. Four hundred and ninety-six (2.5%) participants visited the CTC and gave their written informed consent. Three hundred and sixty-eight (1.8%) individuals were finally assessed as complete 24HU collections ( Table 1) . The study protocol and informed consent were reviewed and approved by Institutional Review Board of Dongguk University Ilsan Hospital.
Protocol
Participants visited the CTC before 0830 hours to receive instructions for the detailed study procedure and to provide their informed consent. They were given 3-l urine collection bag and 600-ml plastic beaker with a urine collection diary after blood sampling. The plastic beaker was used to collect urine when voiding and to transfer the urine to the collection bag. Urine collection was started after voiding and discarding the first urine sample between 0900 and 0930 hours. Starting time was recorded in the urine collection diary. All urine voided during the next 24 h was collected. The next day, the participants visited the CTC before 0900 hours. Participants were asked to void the last urine 24 h after the first voiding. Last voided urine was added to the urine collection bag and the time was recorded. The 24-h collected urine sample was transferred to the Biochemistry Laboratory of Dongguk University Ilsan Hospital for analysis. The amount of excreted sodium and potassium was calculated by multiplying the total volume of the collected urine to the concentration of sodium and potassium measured by an ion-selective electrode method (Modular DPE chemistry; Roche Diagnostics, Mannheim, Germany). Creatinine was measured by the Jaffe reaction (Kinetic colorimetric assay; Roche Diagnostics). Fasting blood glucose, total cholesterol, triglyceride, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, serum sodium and potassium levels were measured after at least 8 h of overnight fasting.
The validity of 24-h urine collection was assessed by combination of selfreported urine loss and the 24-h urine creatinine-based determination, assuming that the urinary creatinine excretion rate was constant. If a selfreported loss of urine sample was more than 100 ml or more than one time, or if a creatinine index (24-h urine creatinine, mg/dl/(21 Â body weight)) was lesser than 0.7, 10,11 the collected urine sample was considered insufficient for a 24-h period collection.
Hypertension was defined as a 24-h average systolic blood pressure X130 mm Hg or a 24-h average diastolic blood pressure X80 mm Hg, 12 or the current use of antihypertensive medications with a previous diagnosis of hypertension.
Statistical analysis
Statistical analyses were performed with the Statistical Analysis System (SAS) software package version 9.2 (SAS Institute, Cary, NC, USA). To avoid estimates from the survey data to be under-representative of the target population, we incorporated the survey weights into their calculations. To calculate precisely the weight corresponding to the number of persons represented by each respondent for the adult population of Goyang city, we used the following different adjustments: RDD initial weight, removal of nonresidential numbers, household nonresponse adjustment, creation of person-level weight, person nonresponse adjustment, person adjustment for refusal of invitation or incompletion and post-stratification to match the population size by age, sex and region.
RESULT AND DISCUSSION
Demographic and clinical characteristics of the 496 participants who completed 24HU collection are described in Table 2 . Among the 496 participants, urine samples from 368 participants were determined as valid collection (74.2%). The prevalence of hypertension in participants who completed 24-h urine collection was 40.5% (prevalence in all participants: 40.0%). The estimated prevalence of hypertension in the Goyang city population was 33%. Mean 24HUNa was 169.3 ± 68.1 mmol per day. Mean 24HU potassium excretion (24HUK) was 58.0±20.3 mmol per day. Among the participants, only 6.2% had sodium intake less than the recommended amount by World Health Organization (WHO; below 5 g salt per day, 85 mmol sodium per day). In all, 41.2% of the participant ingested more than two times of recommended amount.
The weighted mean of 24HUNa was 166.4 mmol per day (182.0 mmol per day for men and 151.5 mmol per day for women) ( Table 3 ). Middle-aged men (40-49 years) had the highest 24HUNa (201.6 mmol per day). After that age, there was decreasing tendency in men. Although 24HUNa of women in their 60s was higher than that of women in their 50s (140.2 vs 134.5 mmol per day), the pattern of 24HUNa in women was similar to men. Unlike sodium excretion, men in their 60s showed the highest 24HUK (Table 3 ). In women, the highest 24HUK was in the 50s age group. The lowest 24HUK was in the 20s age group of both genders.
The three different creatinine-based method 10, 13, 14 in determination of valid 24HU collection showed a similar result of estimated 24HUNa and 24HUK (Table 4) , enabling us to compare sodium excretion between surveys and countries. Comparison to other countries' sodium intake measured by 24HU collection method is summarized in Table 5 . The estimated sodium intake of the Goyang city population was higher than that of Scotland, 15 20 Sodium intake can be estimated either indirectly by dietary survey method or directly by the urinary collection method. The dietary survey method is relatively easy to use in large population surveys. However, it is prone to numerous errors for use as a standard method. The actual amount of sodium intake can be influenced by the methods used to cook and eat. The estimated sodium intake is also highly variable depending on food composition tables and survey methods, such as 24-h, 72-h or more hour recall methods. In addition to those disadvantages, there are many sources of errors in dietary survey methods. Accordingly, the dietary survey method makes it difficult to compare sodium intake between surveys or countries. Analysis of data from the international collaborative study of macronutrients, micronutrients and blood pressure (INTERMAP) revealed the difference of sodium intake measured by a 24-h dietary recall from that measured by two 24HU collections. 21 The differences between countries were not consistent ranging from 0.3 to 30%, indicating an estimation error by the dietary recall method. The validity of food composition table is considered as an important source of errors. 22, 23 Each country has its own food composition table. However, there are no validation tests and standards of food composition tables. Abbreviation: ANOVA, analysis of variance; unweighted, value from not using the survey weights; weighted, value from statistical analysis by using the survey weights. Values are presented as mean (s.d.). *P-value by ANOVA.
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Unlike the dietary survey method, the urine collection method is not influenced by cooking method, eating habits and survey methods. Furthermore, it enables comparison of data between countries, or between old and new data. Thus, the urinary collection method is more reasonable in comparing sodium intake between countries and surveys.
As not all dietary sodium is excreted in the urine, urine collection method has a limitation: it tends to underestimate sodium intake levels. One study reported that 86% of dietary sodium is excreted in the urine, 24 while the rest is lost either in feces or sweat because of exercise and high-temperature climates. 25 Participant burden is another source of underestimation, as the patients may not provide complete 24HU samples. As an alternative, sodium intake from an overnight or spot urine collection could be estimated, as these are more convenient and cost effective. 26, 27 The estimated sodium excretion value by overnight and spot urine collection has shown significant correlation with 24HUNa value; however, large diurnal variation of sodium excretion, depending on sodium intake, is an inherent limitation. 28, 29 Thus, whenever sodium intake is measured by the urine collection method, the aforementioned limitations should be taken into account.
Although 24HU collection is suggested as a 'gold standard' method of sodium intake estimation, 8 a complete collection of urine is crucial. However, complete collection of 24HU without any loss is very difficult. Thus, many surveys have used markers to determine the proper collection of 24HU sample. Currently, urinary creatinine excretion and para-aminobenzoic acid are used to check a proper urine collection. Various formulae of creatinine excretion to check proper collection of 24-h urine have been used. 10, 13, 14, 17, 18 Although determination of proper urine collection by urinary creatinine excretion is easy to use and is not expensive, it is highly dependent on the amount of ingested protein 30 and lean body mass, 31 with large intraindividual variability. Because of the limitations of the creatinine-based determination, the exogenous marker para-aminobenzoic acid has been proposed as an alternative. 32 The para-aminobenzoic acid method in epidemiologic study has so far been limited to the United Kingdom, because it is expensive and has more burdens to participants with a possibility of hypersensitivity reaction. 33 A disadvantage of the creatinine-based determination of proper urine collection is that an incompletely collected urine sample can be included, leading to an underestimation of urinary sodium excretion. In this study, participants used a diary to record the time and volume of collected urine, as well as missed collections. Among the urine samples considered to be properly collected by creatinine-based determination, 22.6% reported lost during collection. We excluded urine samples reporting significant loss by our definition, although they were determined as properly collected by the creatinine-based determination. The amount of urine loss in the analyzed 368 urine sample was 0.6%. Those with a reported loss not more than one time or 100 ml noted that losing several drops of urine during bowel movement was the most frequent cause of urine loss. In those cases, it was probably an inaccuarte amount prone to subjectivity, especially in case of voiding during bowel movement. Thus, although we used an arbitrary value of 100 ml for the proper collection of urine, it is expected that the underestimation of urinary sodium excretion by including samples reported loss not more than one time or 100 ml in our study population may be very low.
The purpose of this study was to test the feasibility and demonstrate the usefulness of the urine collection method in a general population survey of Korea. Most sodium intake estimations in Korea have been performed by the dietary survey method. Few studies involving limited samples used the urinary collection method in Korea. 34 KNHANES, the representative nutrition survey in Korea, incorporates the 24-h dietary recall method. [35] [36] [37] To establish a sodium reduction policy, a comparison of sodium intake with previous and other countries survey data is required. Although KNHANES has used an updated food composition table at every survey, there is no reference to confirm the consistency of the survey results. Population surveys carried out in the United Kingdom 16 and Scotland 15 used the 24HU collection method to estimate sodium intake. Thus, before this study, direct comparison of sodium intake between population in Korea (KNHANES data, measured by dietary survey method) and the United Kingdom may lead to misinterpretation of survey data. The lack of experience in urinary collection method of general population surveys has led many Korean investigators, including those who are operating national nutritional surveys, to be reluctant in using the urinary collection method.
In this study, the valid urine sample collected was 74.2% of total samples, which seemed to be low compared with other studies. However, we excluded samples that involved a significant loss of urine during collection, whereas most of the aforementioned studies did not consider urine loss. When only creatinine-based determination was used, the valid sample was comparable to that of other studies. Applying creatinine-based method used in a Finnish study, 13 96.6% of total samples was valid in this study. Similarly, applying the method used in Portuguese adult population study, 14 93.5% was valid. The valid sample was 99% in Finnish study, 13 81.1% in Portuguese adult population study 14 and 62% in SALTURK study. 19 In a 2008 UK survey, 16 primarily valid sample was 61%. It was increased to 89% after further highperformance liquid chromatography analysis and correction without consideration of missed sample. On the basis of this study, it is reasonable to expect the 24HU collection method to be introduced in the future national nutrition survey of Korea. However, because a national nutritional survey should also measure nutrients that cannot be obtained from collected urine, a method that combines urine collection and dietary survey method is recommended.
The LARDD sampling method reduces the coverage bias of survey estimates by covering efficiently both unlisted and listed telephone numbers. This method has been broadly used in the United States, the United Kingdom and Germany, as well as Korea, 9, [38] [39] [40] [41] in selecting a telephone household sample for the public opinion research or social surveys. In this study, we used LARDD for recruiting a representative adult sample through telephone interviews of subject to a within-household selection procedure in a large city of Korea. LARDD in particular contributes to a high residential hit rate, resulting in high saving costs compared with face-to-face interviews, and has a higher response rate relative to mail surveys. Thus, the LARDD sampling method is recommended as a useful means of conducting national surveys.
This study highlighted an important advantage of the 24HU collection method. Although our and the other studies did not share the same protocol in collection of 24HU sample and determination of proper urine collection, the 24HU collection method enables a direct comparison of sodium intake between countries. Despite the differences in sensitivity and specificity between methods, 11 this study showed no difference in the estimation of population-based urinary sodium and potassium excretion between the creatinine-based determination of proper urine collection. We also compared it to the sodium intake in Pusan area of Korea, measured in 1988. 20 Although the surveys in Korea were performed at two different areas, the difference in sodium excretion is an indirect evidence of reduced sodium intake over 23 years, indicating usefulness of 24HU collection method in the precise determination of the changes of sodium intake over times. The reduced amount was small, about 40 mmol per day, and sodium intake was still higher than that recommended by WHO.
In an age-stratified analysis of this survey, sodium excretion was highest in the 40s age group. After the 40s age group, urinary sodium excretion was decreasing with age. The pattern of urinary sodium excretion in this survey is quite similar to the sodium intake report by KNHANES 2009. 42 As expected, sodium excretion in men was much higher than that in women.
Although high potassium intake is generally known to have beneficial effect on blood pressure lowering and reduction of cardiovascular disease, 43 several studies reported variable response of blood pressure to high potassium intake. 44 The variance is thought to be influenced by sodium intake levels, 45 reflecting the importance of balanced diet (that is, low sodium and high potassium intake). The measurement of urinary electrolyte excretion is beneficial in that both sodium and potassium excretion can be measured simultaneously. However, further investigation is needed to determine whether urinary potassium excretion can measure potassium intake accurately. To date, no attention has yet been paid to the measurement of potassium intake in general populations by urinary potassium excretion. This study measured 24HUK and showed a profile quite different from that of KNHANES 2009. 42 Estimated urinary potassium excretion increased continuously with age in the Goyang city population. Unlike this survey, potassium intake in KNHANES 2009 was highest in those in their 40s. 42 The pattern of urinary sodium and potassium excretion in this survey indicates (1) unhealthy dietary habits of the young and middle age population, especially men, and (2) healthy dietary habits of the old age population. Thus, young and middle age populations need more intensive intervention and education of dietary sodium intake reduction.
In conclusion, this survey shows the feasibility of the 24-h urine collection method in the estimation of sodium intake in a population-based survey with the applicability of the LARDD method. The urinary collection method also enables us to compare sodium intake with the results of other surveys even from other countries. Thus, we are recommending the introduction of the 24-h urine collection method to estimate sodium intake in the future KNHANES. Our study population showed higher sodium intake than the WHO recommended goal of intake, suggesting the need of further effort to reduce sodium intake. Although high sodium intake is still a significant problem, the pattern of sodium intake seems to be changing because of increased awareness and concerns of health.
